Water stress has been identified as a key mechanism of the contemporary increase in tree mortality rates in northwestern North America. However, a detailed analysis of boreal tree hydrodynamics and their interspecific differences is still lacking. Here we examine the hydraulic behaviour of co-occurring larch (Larix laricina) and black spruce (Picea mariana), two characteristic boreal tree species, near the southern limit of the boreal ecozone in central Canada. Sap flux density (J s ), concurrently recorded stem radius fluctuations and meteorological conditions are used to quantify tree hydraulic functioning and to scrutinize tree water-use strategies. Our analysis revealed asynchrony in the diel hydrodynamics of the two species with the initial rise in J s occurring 2 h earlier in larch than in black spruce. Interspecific differences in larch and black spruce crown architecture explained the observed asynchrony in their hydraulic functioning. Furthermore, the two species exhibited diverging stomatal regulation strategies with larch and black spruce employing relatively isohydric and anisohydric behaviour, respectively. Such asynchronous and diverging tree-level hydrodynamics provide new insights into the ecosystem-level complementarity in tree form and function, with implications for understanding boreal forests' water and carbon dynamics and their resilience to environmental stress.
Introduction
Boreal forests respond rapidly to ongoing environmental changes, leading to functional and structural alterations (Arctic Climate Impact Assessment 2005, Soja et al. 2007 , IPCC 2013 . Plant water stress and drought-induced mortality have been reported as major drivers of changes that have been observed in boreal forests regionally (e.g., along the southern limit of the boreal ecozone in central and western Canada; Hogg et al. 2008 , Michaelian et al. 2011 , Peng et al. 2011 , Chen et al. 2017 , and in interior Alaska; Walker et al. 2015) . The projected increase in evaporative demand, together with increases in atmospheric carbon dioxide concentration, air temperature and surface net radiation, could result in greater water losses via transpiration (e.g., Held and Soden 2006 , Novick et al. 2016 , Rigden and Salvucci 2017 . These factors combined with the expected increases in the frequency and severity of climatic extremes (e.g., droughts and heatwaves; Dai 2012 , IPCC 2013 , Cook et al. 2014 ) are expected to affect high-latitude vegetation composition, structure and function (e.g., Soja et al. 2007 , Way et al. 2013 , Allen et al. 2015 .
Little is known about boreal tree hydrodynamics (e.g., sap flow rates, diurnal stem radius fluctuations) and the intraspecific and interspecific differences in water-use strategies employed by boreal tree species. Detailed measurements of boreal tree hydraulic function and their intraspecific and interspecific variability are still scarce (Ewers et al. 2005 , Van Herk et al. 2011 , Angstmann et al. 2013 , Brownlee et al. 2016 ; indeed, a quantitative assessment of boreal tree water-use strategies and their position along the iso/anisohydricity continuum is still inconclusive (e.g., Tardieu and Simonneau 1998 , Klein 2014 , Martínez-Vilalta and Garcia-Forner 2016 . Specifically, boreal tree species may employ different stomatal regulation strategies and thus different ways of coping with water stress. Such strategies range from anisohydric behaviour (i.e., low stomatal regulation, more variable leaf water potential values, narrow hydraulic safety margins during drought and thus higher risk of hydraulic failure) to more isohydric behaviour (i.e., high stomatal regulation, more constrained leaf water potential values, wider hydraulic safety margins during drought and higher risk of carbon starvation), with the anisohydric behaviour resulting in a more drought tolerant strategy in comparison with the isohydric one (McDowell et al. 2008) . However, our understanding of these behaviours in boreal forests is incomplete. This knowledge gap is also reflected in the limited number of boreal conifer species included in recent meta-analyses of tree hydraulic traits and hydraulic safety margins (e.g., Klein 2014 , Martínez-Vilalta et al. 2014 , Lin et al. 2015 , Anderegg et al. 2016 , Greenwood et al. 2017 .
While boreal forests often exhibit low floristic complexity (e.g., Mutke and Barthlott 2005) , multiple life history strategies coexist (e.g., species with deciduous and evergreen leaf phenology). Species diversity has been shown to enhance ecosystem functioning (e.g., Gross et al. 2017) , productivity (e.g., Liang et al. 2016) and resilience (e.g., McCann 2000) , and thus could also affect ecosystem-level water use and resilience to drought (Grossiord et al. 2014b) . For example, recent observational evidence from boreal forest stands in Finland suggests that mixed forests show a larger increase in ecosystem-level intrinsic wateruse efficiency (i.e., the ratio of carbon (C) assimilation to stomatal conductance; e.g., Medlyn et al. 2017) under dry conditions when compared with monoculture stands (Grossiord et al. 2014a ). Moreover, local-scale abiotic heterogeneity in boreal forest stands may lead to highly variable plant structural and functional traits and thus to diverging plant hydrodynamic behaviour. Recent studies provide quantitative evidence of the role of plant functional (e.g., wood density, specific leaf area; Greenwood et al. 2017 ) and hydraulic traits (e.g., water potential at leaf turgor loss point; Skelton et al. 2015 , Anderegg et al. 2016 , Meinzer et al. 2016 ) as well as their coordination (Brodribb et al. 2007 , Reich 2014 , Martínez-Vilalta and Garcia-Forner 2016 , Pappas et al. 2016 , Matheny et al. 2017 in determining tree C and water dynamics. Thus, improved understanding and prediction of vegetation response and resilience to climate change and particularly to water stress requires characterization of intraspecific and interspecific variability in plant form and function (e.g., Anderegg et al. 2016) .
With the aim of developing a mechanistic understanding of boreal forest ecophysiological function and resilience to environmental stress, we analysed the hydrodynamic behaviour of mature deciduous eastern larch (Larix laricina (Du Roi) K. Koch) and evergreen black spruce (Picea mariana (Mill.) BSP), two widespread and common boreal tree species (Beaudoin et al. 2014) , hereafter referred as 'larch' and 'black spruce', respectively. Larch and black spruce often co-occur in old-growth boreal forest stands although they are characterized by contrasting life history strategies along the 'fast-slow' plant economics spectrum (Reich 2014) , with the former having a 'fast' (i.e., higher growth rate, shorter leaf lifespan) and the latter a 'slow' traits strategy (i.e., lower growth rate, longer leaf lifespan). Tree-level sap flow measurements and concurrently recorded stem radius fluctuations were combined with meteorological observations to (i) quantify larch and black spruce hydrodynamics and their interspecific differences, and (ii) assess their water-use strategies. We hypothesized that the contrasting life history strategies of these two conifers would result in distinct water-use strategies, as a result of whole-plant traits coordination, with larch showing 'fast' hydraulic functioning and relatively isohydric stomatal regulation in comparison with black spruce. Divergent tree-level water-use strategies could act complementarily at the ecosystem level, favouring resource allocation and use, and enhancing boreal forest resilience to environmental stress.
Materials and methods

Site description
The study site (Southern Old Black Spruce, SOBS; AmeriFlux site, CA-Obs) is located near the southern limit of the boreal forest ecozone in Saskatchewan, Canada (53.98 N, 105 .12 W, elevation: 628.9 m above sea level; Figure 1a ). The stand is about 140 years old (Krishnan et al. 2008) . Black spruce is the dominant tree species with scattered larch individuals comprising~10% of the stand's stem density (Figure 1 ). Average canopy height at the site is~16 m with a canopy leaf area index of 3.8 m 2 m -2 (Chen et al. 2006) . Wild rose (Rosa woodsii) and Labrador tea (Ledum groenlandieum) are the main understory vegetation, while the ground cover consists mainly of mixed feather mosses (Hylocomium splendens, Pleurozium schreberi and Ptilium cristacastrensis) with some peat moss (Sphagnum spp.) and lichen (Cladina spp.) (Gaumont-Guay et al. 2014 ). The soil is moderately-to-poorly drained with a~20-30 cm thick peat layer overlying waterlogged sand (Gower et al. 1997 , Griffis et al. 2003 , Barr et al. 2012 ), was estimated with custommanufactured Granier-style thermal dissipation probes of 20-mm length following Matheny et al. (2014) . Sap flow probes were installed at breast height (1.3 m above the ground) on the north-facing side of 21 trees (Table 1) . A detailed description of the thermal dissipation method is provided in the original work of Granier 1987 and in recent reviews (e.g., Lu et al. 2004 , Steppe et al. 2010 , Vandegehuchte and Steppe 2013 , as well as in Methods S2 available as Supplementary Data at Tree Physiology Online. Briefly, J s is inversely related to the measured temperature difference between a constantly heated probe and an unheated probe located 10 cm lower in the stem's sapwood. The thermal dissipation method was selected for its simplicity, low cost and power requirements, ease of construction in the laboratory, and widespread use in the scientific community (e.g., Wullschleger et al. 1998 , Poyatos et al. 2016 . Exploratory sap flow measurements across two stem zones, the outer zone, from the stem surface to the 20-mm depth, and the zone between the 20-and 40-mm depths, revealed that the outer 40 mm of the xylem could be approximated as hydraulically active for both larch and black spruce (see Figure S4 available as Supplementary Data at Tree Physiology Online). Thus, we assumed that the standard 20-mm probe length did not exceed the sapwood depth of the monitored trees. This assumption is in accordance with theoretical expectations for tracheid-bearing conifers (Berdanier et al. 2016) and published values of sapwood depths for larch and black spruce (e.g., Bond-Lamberty et al. 2002 , Van Herk et al. 2011 , Angstmann et al. 2013 . Data pre-processing to derive half-hourly J s time series followed the methodological framework proposed by Oishi et al. (2016) and is detailed in Methods S2 available as Supplementary Data at Tree Physiology Online. Tree Physiology Online at http://www.treephys.oxfordjournals.org
Stem radius fluctuations
Half-hourly stem radius, R (mm), fluctuations of four larch and six black spruce trees were measured at breast height with automatic circumference dendrometers (DC3; Ecomatik, Dachau, Germany; Table 1 ; Methods S3 available as Supplementary Data at Tree Physiology Online) affixed to the exterior of each tree stem. Different ecophysiological processes cause irreversible and reversible changes in R (e.g., Deslauriers et al. 2007 . Irreversible changes are related to radial growth while reversible changes correspond mainly to diel stem shrinkage and swelling due to tree hydrodynamics (i.e., tree water transport and storage; Zweifel et al. 2001 ) but elastic osmotically driven changes may be also included (Chan et al. 2016 . We focused on the hydraulic component of R, denoted as ΔR (mm), that was approximated by subtracting the growth signal from R (e.g., King et al. 2013 , Herrmann et al. 2016 ). Specifically, ΔR was estimated as the deviation of R from its daily mean,R D (mm), i.e., Δ = −R R R D (King et al. 2013 , Figure ) when root-water uptake exceeds evaporative demand followed by the diurnal stem contraction phase ( < Δ Δ 0 R t ) when evaporative demand is greater than root water supply (e.g., Zweifel et al. 2001 , King et al. 2013 ).
Meteorological and auxiliary measurements
Half-hourly values of vapour pressure deficit, D (kPa), and photosynthetically active radiation, PAR, measured as photosynthetic photon flux density (μmol m -2 s -1
), were used to describe major environmental drivers of plant hydraulic functioning (e.g., Damour et al. 2010) . D was calculated following Jones 1992 using air temperature (°C) and relative humidity (%) measurements from within the canopy space, roughly mid-canopy, at 6 m above the ground surface (HMP45C, Vaisala Inc., Helsinki, Finland) together with atmospheric pressure measurements (kPa) (Setra Systems Inc. Boxborough, MA, USA). We assumed that D approximates leaf-to-air vapour pressure difference and represents the driving force of tree hydraulic functioning (e.g., Oren et al. 1999 , Damour et al. 2010 . Photosynthetic photon flux density was measured at 25 m above the ground using a quantum sensor (LI-190sa, LI-COR Inc., Lincoln, NE, USA) and was assumed to be spatially uniform at the top of the canopy. Sporadic short gaps in the half-hourly micrometeorological time series during the study period were gap-filled using linear interpolation of the neighbouring values. A detailed description of the meteorological instrumentation can be found in Barr et al. 2012 . For the instrumented trees, crown architecture was also measured, consisting of tree diameter at the breast height (DBH), height and projected crown area observations (Table 1) . Tree height was estimated trigonometrically using a measuring tape and clinometer while projected crown area was approximated as an ellipse with its major and minor axes directly measured in the field.
Tree hydrodynamics and their environmental controls
Larch and black spruce hydrodynamics were quantified by jointly analysing diel patterns of J s and ΔR. Moreover, the response of tree hydrodynamic behaviour to PAR and D was assessed by examining the diel hysteresis of J s with PAR and D, respectively. The occurrence of the J s -D hysteresis is controlled by the timelag between PAR and evaporative demand as well as other abiotic factors (e.g., soil water potential) and by biotic factors related to tree water storage and transport in the soil-plantatmosphere continuum (Zhang et al. 2014 ). Due to the strong coupling between forest stand and atmosphere (Brummer et al. 2012 ) and the relatively homogeneous terrain, abiotic factors can be assumed equivalent for both species across the study site. In contrast, biotic factors reflect interspecific differences in tree hydraulic functioning (e.g., stomatal regulation and tree water conductance) and are the focus of our analysis. The hysteresis between J s and PAR enabled us to disentangle interspecific differences in tree light harvesting strategies (Zeppel et al. 2004) .
To further quantify interspecific differences in larch and black spruce hydraulic functioning we analysed the sensitivity to D of the normalized mean crown conductance, ̲ G C (-) (i.e., mean crown conductance for each tree relative to its maximum;
Due to the lack of total leaf area estimates for the instrumented trees ̲ G C was estimated per unit of sapwood area. More specifically,
and is analogous to stomatal conductance, assuming that the stem hydraulic capacitance between the height of the sap flow probe and the leaves is negligible (Meinzer et al. 2013) . In order to minimize the effect of stem hydraulic capacitance, peak-of-the-day mean G C , denoted asḠ C , was used for analysing the dependence of crown conductance on D (Meinzer et al. 2013 ). Peak-of-the-day was defined as the half hours when PAR >1000 μmol m −2 s −1 . Moreover, the estimation ofḠ C was restricted to (i) non-cloudy days (i.e., days with mean PAR >300 μmol m −2 s −1
) to reduce the impact of low irradiance onḠ C (Meinzer et al. 2013 ) and (ii) days with peak-of-the-day mean D (D) greater than 0.5 kPa to eliminate unrealistic, extremely high values ofḠ C due to low values of D or high values of J s (e.g., Ewers et al. 2005) . The sensitivity of ̲ G C toD is therefore a proxy for the stomatal sensitivity to D. We selected 62 days (i.e., n = 62) during the study period that fulfilled the aforementioned environmental criteria. The sensitivity of ̲ G C toD was quantified by fitting the following model: Katul et al. 2009 ), wherē > D 0.5 kPa, and a (-) and ( ) b kPa 0.5 were estimated by nonlinear least-squares minimization (function nls in the R computational environment; R Development Core Team 2016).
Results
Crown architecture and sap flow
Larch and black spruce were characterized by distinct crown architectures. The former had a wider canopy and larger projected crown area that increases linearly with stem diameter, while the latter had a narrower canopy architecture and higher leaf clumping with packed needles located close to the trunk, resulting in a smaller projected crown area (Figure 2 , Table 1 ). Hence, an increase in black spruce stem size did not translate into increased projected crown area (Figure 2 ). These interspecific differences in larch and black spruce crown architectures contributed to higher daily sap flux density (mean ± one standard deviation) for larch (24.5 ± 7.4 gH 2 O m -2 s Figure 2 ).
These differences were also evident for the canopy-dominant black spruce that were instrumented with sap flow probes (open symbols in Figure 2) . Moreover, the imprint of tree form in the tree hydraulic function of the two species was highlighted by the stronger correlations between sap flux density and tree structural characteristics (i.e., DBH, height, projected crown area) for larch than for black spruce (Table 2) .
Diel tree hydrodynamics
Normalized diel cycles of sap flux density indicated that the initial rise of sap flow for larch occurred 2 h earlier than for black spruce (i.e., ΔT Js,start = 2 h; Figure 3a) . Nocturnal sap flux density for both species was negligible while the recession part of diel sap flow had approximately the same phase for both species. Thus, the duration of the diel hydraulic functioning of larch was 2 h longer when compared with black spruce. Furthermore, larch reached its peak daily sap flow 1 h earlier than black spruce (i.e., period of start-to-peak diurnal sap flow, T 1,Js = 7 h and T 2,Js = 6 h, for larch and black spruce, respectively; Figure 3a) , indicating an earlier closure of the stomata and thus an isohydric stomatal regulation strategy. Similar to the diel sap flow, the hydraulic component of stem radius fluctuations, ΔR, also revealed asynchrony in the hydraulic functioning of the two species (Figure 3b ). Diel cycles of ΔR displayed similar sinusoidal patterns for both species, reflecting the interplay between root-water uptake and evaporative demand. However, the additional 2 h per day during which larch was hydraulically active (ΔT Js,start ; Figure 3a) led to (i) a larger amplitude in the diel ΔR fluctuation and (ii) a longer time interval between maximum hydraulic expansion and maximum hydraulic contraction (i.e., T 1,ΔR = 10 h and T 2,ΔR = 9.5 h, for larch and black spruce, respectively; Figure 3b ). Both species showed Figure 2 . Relation between diameter at the breast height (DBH) and projected crown area for Larix laricina and Picea mariana trees instrumented with sap flow probes. Open symbols denote canopy-dominant while filled symbols denote canopy-co-dominant trees. The symbol size corresponds to the mean half-hourly sap flux density (J s ) averaged throughout the study period. Linear regressions are also included together with the Pearson correlation coefficients (ρ) and P-values. Tree sketches were downloaded from https://www.for.gov.bc.ca/hfp/silviculture/compendi um/ and http://publications.gc.ca/collections/collection_2015/rncan-nrc an/Fo4-51-2014-eng.pdf. Table 2 . Pearson correlation coefficients (ρ) with P-values in parentheses between mean half-hourly sap flux density (J s ) averaged throughout the study period and tree diameter at the breast height (DBH), tree height and projected crown area, as well as the time lag (h) when ρ between J s and half-hourly vapour pressure deficit (D) and photosynthetically active radiation (PAR) is maximum, for Larix laricina and Picea mariana. 
Hysteretic responses of diel sap flow to D and PAR
Diel sap flow of larch showed a pronounced hysteresis to D (Figure 4a ). This hysteretic J s -D relation implies that for a given level of D the transpiration rate of larch varies due to stomatal regulation, resulting in buffered response of tree hydraulic functioning to evaporative demand (i.e., suggestive of isohydric stomatal regulation strategy). The clockwise rotation of the larch J s -D hysteresis, i.e., higher J s values in the morning than afternoon for the same D value, may be partially related to depletion of plant water storage, when rehydration during the night is followed by intensified dehydration during the day (e.g., Zheng et al. 2014) . However, the depletion of tree water storage can amplify the magnitude of the J s -D hysteresis but does not determine its presence or absence (Zhang et al. 2014) . In contrast to larch, the diel J s of black spruce showed no hysteresis with D, indicating weak stomatal control and thus a relatively anisohydric behaviour (Figure 4c ). Both species showed an anti-clockwise hysteretic response of J s to PAR (Figure 4b and d) as a result of the time-lag between peak daily PAR (solar noon) and D (mid-afternoon), illustrated in Figure S6 available as Supplementary Data at Tree Physiology Online and detailed in Zeppel et al. 2004 . For a given level of PAR, the evaporative demand was lower in the morning, when D was lower, than the afternoon (see Figure S6 available as Supplementary Data at Tree Physiology Online), resulting in anti-clockwise J s -PAR hysteresis. However, the shape of the J s -PAR hysteresis curves was different for the two species, highlighting sub-daily interspecific differences in waterand light-use. Larch was more efficient in harvesting light at high solar zenith angles because the sparse individual trees are isolated and their crowns extend~6 m above the black spruce canopy (Table 1) . Consequently, the morning rise in J s was earlier and more rapid for larch than for black spruce, and the afternoon fall in J s was later and more rapid for larch than black spruce (Figure 4b and d) . Moreover, the larger area encompassed by the daily J s -PAR hysteresis curve of black spruce in comparison with larch ( Figure 4b and d, respectively) and the longer time-lag between PAR and J s for black spruce than larch (Table 2) further indicates the effects of distinct light harvesting strategies on diel tree hydrodynamics.
Crown conductance and its sensitivity to D
For the same level ofD, black spruce maintained higher values of G C in comparison with larch, highlighting interspecific differences in their water-use strategies (Figure 5a ). Variability in larch and black spruce hydraulic capacitance could also affect the sap-flow derived estimates of crown conductance, yet this is Error bars extend ± one standard deviation. Vertical dashed coloured lines highlight the timing of maximum and minimum ΔR per species, while the duration between maximum and minimum ΔR is also reported (T 1,ΔR and T 2,ΔR , for Larix laricina and Picea mariana, respectively). Horizontal solid coloured lines highlight the amplitude of ΔR for each species.
Tree Physiology Volume 38, 2018
expected to be negligible during the selected peak-of-the-day time period. Larch G C showed a steep decrease with increasingD and higher values of the parameter b (the parameter describing the sensitivity of ̲ G C toD), ranging from 0.70 to 1.06, with a mean value for the instrumented trees of 0.91 (Figure 5b) , indicating down-regulation of crown hydraulic conductance with increasing evaporative demand and thus a relatively isohydric behaviour. Black spruce G C showed a more gentle decrease with increasingD and lower values of the parameter b (ranging from 0.28 to 0.85, with a mean value for the instrumented trees of 0.64; Figure 5b ), reflecting a lower sensitivity of crown conductance to D, which is suggestive of a relatively anisohydric behaviour.
Discussion
Asynchronous diel tree hydrodynamics
Our results suggest that the distinct crown architecture and canopy position of larch and black spruce (Figure 2) shapes their hydraulic functioning, resulting in asynchronous diel hydrodynamics (Figure 3 ). Larch crown architecture allows for more efficient light harvesting at high solar zenith angles in comparison with black spruce, resulting in asynchronous diel hydrodynamics of the two species. Interspecific differences in other plant physiological traits that affect plant hydraulics (e.g., Reich 2014 , Aubin et al. 2016 , complementary to the discussed structural differences in larch and black spruce crown and canopy architectures, could also contribute to the observed variability in their hydraulic functioning. For example, interspecific differences in stem capacitance (e.g., Meinzer et al. 2009 , Matheny et al. 2015 due to variations in stem size and/or wood properties, could contribute to an asynchronous hydraulic functioning between and within species.
Nonetheless, both larch and black spruce are tracheid-bearing conifers of the Pinaceae family with similar water transport systems and porosities (Wang 2005) , anatomy (e.g., sap conduction through tracheids of similar structure; Bailey 1909 , Pittermann et al. 2006 ) and density (e.g., Chave et al. 2009 ). More specifically, reported values of wood density for larch and black spruce are 0.49 and 0.38 g dry mass cm -3 fresh volume, respectively ) and stem diameter and height of larch are, on average, greater than that of black spruce (Table 1) . Thus, if stem hydraulic capacitance was the main driver of the observed asynchronous hydraulic functioning, then the asynchrony would be expected to occur during the recession part of the diel cycle of sap flux density (i.e., black spruce depleting stem water faster than larch; Schulze et al. 1985) rather than during the morning Tree Physiology Online at http://www.treephys.oxfordjournals.org hours, when both species are expected to have refilled their stems during the previous night. Interspecific variability of below-ground traits, such as differences in rooting architecture, could also affect tree hydrodynamics. However, observational evidence demonstrates fairly similar larch and black spruce rooting systems (i.e., shallow and laterally spreading roots expanding in the unsaturated zone above the water table; Strong and La Roi 1983 , Lieffers and Rothwell 1986 , 1987 .
Potential differences in the leaf-to-sapwood area ratio between the two species could explain the higher transpiration rates of larch in comparison with black spruce. Observational evidence from a boreal forest stand in Manitoba, Canada (Bond-Lamberty et al. 2002) provides estimates of the sapwood-to-stem area ratio for larch and black spruce with values of 0.59 ± 0.08 and 0.45 ± 0.20, respectively (mean ± one standard deviation). This, together with a relatively higher stomatal conductance to water vapour for larch than black spruce (e.g., Sullivan et al. 1997 , Islam et al. 2003 , could contribute to the observed interspecific differences in diel tree hydrodynamics. Hence, the aforementioned interspecific differences in a suite of functional and structural traits are not mutually exclusive, and could contribute to the observed variability of larch and black spruce hydrodynamics, complementing the interspecific variability in light harvesting.
Diverging water-use strategies and plant traits coordination
Although leaf water potential was not measured in the present study, the analysis of sap flux density, crown conductance and their variability with D provides insights into the water-use strategies of larch and black spruce and their positioning along the iso/anisohydricity continuum (e.g., Tardieu and Simonneau 1998 , Martínez-Vilalta and Garcia-Forner 2016 , Meinzer et al. 2016 . A recently proposed methodological framework for classifying plant water-use strategies along the iso/anisohydricity continuum shows similar interspecific differences for Pinaceae (Martínez-Vilalta et al. 2014) . Moreover, the anisohydric behaviour of black spruce is supported by previously published results of laboratory and field measurement of black spruce leaf gas exchange and stomatal response to changes in shoot water potential and D (Grossnickle and Blake 1986, Dang et al. 1997) . By exposing black spruce seedlings to chronic dehydration, Blake and Li 2003 found that black spruce showed increased dehydration and narrow hydraulic safety margins. Greenhouse experiments exposing black spruce saplings to heat and drought stress also showed the higher risk for cavitation of black spruce, resulting in a drop in mid-day shoot water potential with drought stress, tracking closely prevailing environmental conditions (e.g., Buxton et al. 1985 , Bernier 1993 , Way et al. 2013 , Balducci et al. 2013 .
The diverging water-use strategies (i.e., isohydric vs anisohydric behaviour) observed at our study site reflect also the diverging traits strategies of larch and black spruce along the 'fast-slow' plant economics spectrum (Reich 2014) . Larch is characterized by a 'fast' traits strategy (i.e., early successional, deciduous leaf phenology, high rates of resource acquisition and use) while black spruce is characterized by a 'slow' traits strategy (i.e., long leaf lifespans, slow rates of resource acquisition and use) (e.g., Niinemets and Valladares 2006) . In accordance with theoretical expectations from the whole-plant economics spectrum (Reich 2014) , species with a 'fast' traits strategy perform well under favourable conditions but are more vulnerable to stress (i.e., low shade and drought tolerance). In contrast, species with a 'slow' traits strategy tend to acquire and use resources more conservatively, resulting in slower growth rates, with the reward of having higher tolerance to low resource conditions (Reich 2014) . Thus, larch tends to increase its height faster and its crown architecture is more efficient in harvesting light (e.g., Niinemets and Valladares 2006) , also facilitating xylem water conductance (e.g., Wang 2005) while showing low shade and drought tolerance and relatively isohydric behaviour. In contrast, black spruce is a slow-growing evergreen conifer with a typical leaf lifespan of~5 years (e.g., Small 1972, Tyrrell and Boerner 1987) . However, black spruce is characterized by higher shade and drought tolerance and anisohydric water-use strategy.
Complementarity in tree form and function
Mixed forest stands of larch and black spruce are widespread throughout the boreal forest and demonstrate how co-occurring species with contrasting life history strategies (e.g., evergreen vs deciduous leaf phenology) develop diverging light-(i.e., wider and taller vs narrower and shorter crown architecture) and wateruse strategies (i.e., isohydric vs anisohydric behaviour) to cope with the prevailing environmental conditions (Brodribb et al. 2014 ). While at the tree level such resource allocation and use strategies appear diverging, at the ecosystem level they can be complementary (e.g., Pretzsch et al. 2013 , Grossiord et al. 2014b . Complementarity in tree form and function could enhance boreal forest resilience to environmental stress.
Crown complementarity in the canopy space has been recently demonstrated to be an important mechanism for diversityenhanced forest productivity (Williams et al. 2017) . We suggest that the divergence in crown characteristics (morphological and physiological; Williams et al. 2017 ) may not only be beneficial for ecosystem productivity, but could also result in complementarity in light-and water-use strategies, with pronounced implications for boreal forest resilience to projected changes in climate (e.g., water-and heat-induced stress). The contrasting light-and water-use strategies that individual boreal tree species employ reveal that, although the boreal forest is characterized by low species diversity, its functional diversity may enhance boreal forest resilience to short-term (i.e., climate extremes such as droughts and heatwaves) and long-term (i.e., shifts in precipitation and temperature norms; e.g., Pappas et al. 2017) hydrometeorological variability.
Conclusions
Our analysis provides evidence on how interspecific differences in tree form shape tree hydraulic function. The different crown architectures of larch and black spruce result in more efficient light harvesting of the former in comparison with the latter, and thus in asynchronous diel tree hydrodynamics of the two species. Moreover, the two species exhibit diverging stomatal regulation strategies, with larch and black spruce employing relatively isohydric and anisohydric behaviour, respectively. The reported asynchronous and diverging hydraulic behaviours of these two co-occurring and widespread boreal conifers underlines the fact that although boreal forest tree species diversity may be relatively low, its functional diversity may be substantial. Diverse boreal tree hydraulic functioning could potentially act complementarily at the ecosystem level with implications for understanding boreal forests' water and C dynamics and resilience to environmental stress.
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